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The Theory of Decay in Radioactive Luminous Compounds, 
By J. W. T. Walsh, B.A. (Oxon.), B.Sc. (Loiid.) 

(Communicated by R. T. Glazebrook, F.E.S, Eeceived May 14, 1917.) 

(From the National Physical Laboratory.) 

1. Synopsis. 

It has been found* that the luminosity of radium luminous compound 
at first rises rapidly to a maximum and then decreases, according to an 
exponential law, for about 200 days from manufacture. From this time on, 
however, the rate of luminosity decrease becomes slower and slower, so 
that the brightness tends to approach a limiting value which is not zero. 

The following paper is the result of an attempt to find some explanation 
of this behaviour such as will furnish grounds for the prediction of the 
ultimate behaviour of compounds of varying composition. The theory of 
destruction of " active centres,'' put forward by Eutherford to explain the 
fact of decay,f leads to a simple exponential which, as has been said, repre- 
sents the results to a sufficiently close approximation during the first part 
of the life, but fails increasingly at the later period. 

To represent fully the complete luminosity curve it is necessary to assume 
some factor operating in a direction opposite to that of destruction of the 
active centres. 

It is shown that the observed results are well represented by the expres- 
sion found on the assumption that the destroyed active centres recover 
at a rate proportional to their concentration in the material. This rate is 
termed for convenience " the rate of recovery," but, without further extended 
investigation of the nature of the supposititious active centres, the term can 
only be justified as a convenient method of representing the observed facts, 
and cannot be regarded as having any basis in our knowledge of the 
mechanism of the luminosity of radioactive luminous compound. 

Two applications of the '' recovery '' theory are given : (i) The investiga- 
tion of the ultimate luminosities of compounds containing different propor- 
tions of radium in samples of zinc sulphide of the same characteristics. This 
is of importance in considering the most suitable radium content to employ 
for any specific purpose, (ii) The calculation of the total light emitted by a 
sample of radium luminous compound during any portion of its life. 

* * An Investigation of Eadium Luminous Compound,' Paterson, Walsh, and Higgins, 
* Phys. Soc. ProcV vol. 4, p. 215 (1917). 

t 'Eoy. Soc. Proc.,' A, vol. 83, p. 561 (1910). 
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An appendix deals with the results to be expected (on the theory of recovery) 
from samples of mesothorium luminous compounds in which the age of the 
mesothorium may be from 6 months to 2 years. 

2. Introductory, 

It has long been known that the luminosity of radium luminous compounds 
decreases with lapse of time, and in 1910 Marsden* made measurements of 
this effect in the case of zinc sulphide, willemit'e, and barium platino- 
cyanide acted on by radium emanation. His source of radiation was, 
of course, decaying, but he found that the decay of luminosity of the 
luminescent substance was, in all cases, more rapid than that of the source 
of the radiation. 

Eutherford {loc, cit.), in a paper which accompanied Marsden's, put forward 
a theory to account for the results observed by Marsden. He suggested that 
each a-particle emitted by the radioactive agent collided with a number of 
active centres in the luminescent substance, each collision causing a flash of 
light, and tlie destruction of the active centre. Thus the scintillation dua 
to a single d^-particle would be made up of a number of individual flashes 
each signifying the destruction of one active centre. 

It is clear on this theory that the luminosity will gradually decrease as 
the number of active centres is diminished by the continual action of the 
st-particles, and that the decrease of luminosity will be exponential in the 
special case of a radioactive agent of constant «-ray activity, so that the 
brightness at any time is given by B = ce*, where c is a constant. 

The object of the following paper is to examine the applicability of this 
theory to the results obtained on samples of radium luminous compound 
studied over the course of a year at the National Physical Laboratory (he. cit). 

Since practically the whole of the luminosity of a radium compound is 
due to a-particles with their recoil atoms, it will be clear that the only 
products of importance are the radium itself, the emanation, radium A, and 
radium C, since these are the only products giving a-particles with the 
exception of polonium, the effect of which, in the- case of compound made 
up from freshly prepared radium, will be negligible at least for the first two 
years, owing to the long half-transformation period of the intermediate 
product radium D. This is shown by the following Table, which gives the 
percentage of radium F present during the first five years of life of freshly 
prepared radium : — 

* " The Phosphorescence produced by the a- and ^-Bays,^' E. Marsden, * Boy. Soc. 
Proc.; A, vol. 83, p. 648 (1910). 

A. Ik 
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X8(D1G X. 



Period 
(years). 


Amount of BaF present 

(percentage of Ra 

present) . 


a-Ray activity of the 

RaF present 

(percentage of Ra- 

activity. 


j 

Ions produced by RaF 

(percentage of Ba 

and products). 


0-6 
1-0 
1-5 
2-0 
3-0 
5-0 


-00014 
-00042 
0-00075 
-00110 
-00180 
-00314 


0-75 

■ %*m 

4 -03 
5-92 
9-68 
16-9 


0-16 
0-49 
0-88 
1-29 
2-10 
3*67 

i 



The second column gives the number of atoms of radium F present, 
expressed as a percentage of the number of atoms of radium present, while 
the third column gives the number of ^-particles due to the EaF present, 
expressed as a percentage of the number emitted by the radium present. 
The figures of column 4 represent the ionising powers of the EaF present, 
expressed as a percentage of the corresponding ionising power of the 
radium present, together with its products as far as radium D. 

Now for practical purposes it may be assumed that the transformations of 
EaA, EaB, and EaO take place practically simultaneously with the trans- 
formation of the emanation, so that in new radium initially free from 
emanation, the growth of the emanation is accompanied by a rise in «-ray 
activity such as would be caused if each atom of emanation, in its trans- 
formation, gave rise to three a-particles producing 1*74 x 10^, 1*88 x 10^, and 
2*37 X 10^ ions respectively.* 

Hence if, as in Eutherford's theory, we suppose that the luminosity 
produced by an ^-particle is, other conditions being the same, very nearly 
proportional to the number of ions it is capable of producing,f we may 
regard each atom of emanation as responsible for, very approximately, four 
times the effect of an atom of radium alone which produces 1*5 x 10^ ions» 

From this it is clear that when the emanation has attained equilibrinm in 
a sample of luminous compound about one-fifth of the luminosity of the 
compound will be accounted for by the ae-rays from the radium, and four-fifths 
by those from the emanation and its products. Calling this equilibrium 
amount unity, the amount of emanation present at any time t after the 
compound has been prepared (with radium absolutely free from emanation) 
is o-iven by {l—e-~'^% where X = 0*180 and t is expressed in days. The 
values of this function show that the amount of emanation present has 



•^ Entherford, ^ Badioactive Substances and their Eadiations,' p. 164. 
t Loc. cit.^ p. 510. 
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attained its equilibrium value to within 0*1 per cent, in a period of 50 days 
from the beginning. 

Thus the rate of production of a-particles at any time t from the period 
at which the radium was free from emanation is given by the formula 
E[l + 3(1 — 6"^*)], where E is the rate of production from the radium alone. 
In the same way, taking into account the different ionising powers of 
the various a-particles, the rate of production of light is given by 
^[l+i^(l"~'^~'^*)]' where ^ is very nearly 4, and E is now the rate of pro- 
duction of light from the radium alone. 

With this expression for the activity of the a-radiation, we will now con- 
sider the variation with time of the luminosity of a sample of freshly 
prepared radium luminous compound. 

3. Examination of Bntherford's Theory, inwlving Exponential Decay of the 

Luminosity, 

Let us suppose that in a given sample of radium compound the number of 
active centres present at time t after preparation is n. 

The number destroyed in time dt is, let us suppose, dn, and this is 
proportional to (i) the number of active centres present, n ; (ii) the rate of 
production of a-particles, taking into account the several ionising powers of 
each ; (iii) the length of time during which the bombardment takes place, dt. 

Hence dn =z —hn\l-{';p{l — e-'^^)'\dt, (1) 

where h is an arbitrary positive constant depending on the units adopted for 
n and t, and, possibly, on the composition of the zinc sulphide. 

It is assumed that the light emitted is proportional to the number of 
active centres destroyed, each centre giving on the average a definite fraction 
of a candle-hour at the instant of destruction. The brightness B, however, 
is proportional to the rate of destruction of the active centres, so that 

-Bt^ '-cdnldt=zchn{l-\-p{l-^e-^')\ (2) 

where c is a constant relating the rate of destruction of the active centres 
with the brightness of the compound. Hence we have a simple expression 
for the brightness at any period of the life, expressed in terms of the initial 
brightness, for 

log.B^/Bo = log,[l+p(l-^-^0]~^[(P + l)^-i^(l~^""^OA]. (3) 

Now it will be clear a priori that after the lapse of 50 days, the emanation 
having attained its equilibrium value, this equation will have the form 

log,B^/Bo = \oge{l-Vp)-K{l-\-p)t-pl\\. 
Hence if Bo' represent the initial brightness which the compound would have 
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if made up with radium already in equihbrium with its disintegration 
products, 

therefore, log^B^/Bo' = '-]c(l + p)t = —k't, (4) 

where Z.' -/.(l+^p). 

It will be noticed that it is not possible to find the values of p and k, but 
only of the product (1+p)^, from this equihbrium portion of the curve. 
The value assigned to^ will only affect the initial value (up to 50 days), and 
for the purpose of calculating the earlier portions of the curves shown 
in fig. 1, p has been assumed equal to 4 (see p. 555).* Further, it will 
be clear that a concentration of active deposit on the walls of the glass 
containing vessels will produce an enhanced luminosity at the surfaces 
measured. But again, once equilibrium in this respect has been attained, the 
only result will be an alteration in the value of ¥, not a distortion of the 
form of the curve. 

To test the validity of equations 3 and 4, an example will be taken from 
the samples of compound of which the decay of luminosity was experi- 
mentally determined.f Sample 3 was measured from within two days of 
mixing the radium with the jzinc sulphide. If we first determine the 
constants from the values of luminosity obtained for a short section only of 
the life, say, between 50 and 200 days, it is found that the best value of h' is 
0*00585 (day)~^ and of Bo' 0*0495 ft. candle. The probable departure of a 
single observation from the value given by equation 4 with these values of 
the constants is found to be 4*1 per cent., which is slightly outside the 
estimated experimental accuracy (3 per cent, to 4 per cent.). 

If, however, the most probable values of the constants be found from all 
the observations between 50 and 500 days, the new values are 

7/ = 0-00303 and Bo' = 0*0336. 

The probable departure of a single observation from the calculated value 
found with these constants is 7*8 per cent. 

The luminosity curves obtained by substituting these two sets of constants 
in equations 3 and 4 are shown graphically in fig. 1 by the chain curve and 
the broken line respectively. The observed values are indicated by the 
points. It will be seen that neither curve is of the shape required for 
satisfactory agreement with the observed results over an extended period, 
although good agreement over short periods of 100 to 150 days can be 

* From the first seven observations on sample 8 (made up by a solution method) the 
most probable value of p was found to be 4' 13. 
i Paterson, Walsh and Higgins, loc, ciL 
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obtained. A precisely similar effect was exhibited by all the other specimens 
examined. 
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Fig. 1. — Diagram showing, for sample 3, the difference between the observed values of 
luminosity and the logarithmic curves log B^ = M (chain curve and broken line) ; and 
the agreement between these values and the curve calculated on the theory of recovery 
(full line). 

4. The Theory of Mecovery, 

The departure of the observed values of luminosity from the logarithmic 
curve cannot be explained by supposing that the active centres are of more 
than one kind, with different rates of decay, for the su.m of any number of 

expressions of the form -- log B^/Bo is an expression of the same form. 

Further, it may be shown that the observed luminosity curve cannot be 
satisfactorily explained on the assumption that the radium from which the 
compound was prepared contained a proportion of the long period radium D, 
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so that it is necessary to find some other explanation for the form of the 
observed curve. 

It is assumed in the original theory examined above that an active centre, 
once struck by an ce-particle with the emission of light, becomes of no further 
use from the point of view of luminescence. In other words, there is no 
recovery of the active centres. 

But now let us suppose that the active centres which have been used in 
this way commence to recover according to an exponential law, i.e. if %q be 
the number of active centres initially present, and n the number present at 
any subsequent time, then the rate of recovery of the active centres will be 
proportional to the number of extinct centres, i,e, to (%—'?^). We may 
deduce, on this assumption, a new expression for the luminosity of radium 
compound, allowing for (i) the growth of the ce-radiation ; (ii) the destruction 
of the active centres in the zinc sulphide under the action of the a-rays ; and 
(iii) the gradual recovery, according to an exponential law, of the destroyed 
active centres. With the same notation as before, we have that the number 
of active centres destroyed in time clt by the action of the a-rays is 
'k\l-^;p{l—e~^''^)']ndt. Also, the number restored in the same time is 
l{nQ—n)dt, where Z may be termed the "recovery coefficient''; hence the 
net rate of decrease in the number of active centres is 

dn/dt = —knll+p (l—e-^*)]'hl('iiQ-'n), (5) 

Now as in equation (2) 

Bt == ckn[l-hp(l — e~^^)] and Bq = cJmo, 

Hence the above equation reduces to 

dBt/dt + Btlhf-h l-(pX/f)e~^^ = IfBo, (6) 

where /= l+p(l—e-^^). 

The solution of this equation is 

{Bt/f)e-==lBole^dt + ABo 

where A is the constant of integration (found by the condition that when 
t = Oy Bt = Bo), and r = (k' -\-l)t + (pk/X)e'~^^. The expression under the 
sign of integration becomes integrable after expansion, so that the solution 
becomes 



f 



_k' + l \'x)(k'-{-l-\) 



• • • I I ^ I • r • /-» / 7 ^ \ •" • • • 



X / ' s\' (¥-^l—sX) 






0> 



where A = e^^^'^^ — l 



l^-^i^ 



_k' + l Wj ' (k'-i^l—X) 



I • 1 • 
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so that 



Bo/ 



. (F + U/ ■ {h' + l-\) 






(V) 



This equation does not readily lend itself to a determination of the constants 
k^ and I, even supposing p known accurately, and hence we must use the 
simpler form of equation applicable for values of t above 50 days, viz., 

d'Bt/dt + Bt(k'-i-l)=:lBo\ 

where Bo' is a fictitious value of Bo and is the initial brightness which the 
compound would have had if it had been made up with radium already in 
equilibrium with its disintegration products. 
This equation gives as its solution 

log. p-^^±^|p^] = -{k'+r)t, (8) 

which shows that if log(B^— m) be plotted against t the result will be a 
straight line if m = IBq /(k' + 1), 

The close agreement between this conclusion and actual observation is 
shown in fig. 2, in which is plotted logic (B^ — 0*0092) against t for sample 3 
of compound. From the intercept of the line in this diagram on the axis of 
y it is seen that 

logio(Bo'~0-0092) = 2-650 
so that Bo' = 0*0539, 

and since 0*0092 = m = J^^^*5Mi, 

l + k'/l 

therefore k'/l = 4*86. 

Substituting these values in equation (8) above, we have 

log,[22*37Bi-.0*2057] = -/^' (1*2057) ^^. 

Eeading off the curve in fig. 2 we find that Bioo = 0*0276, which, on sub- 
stitution in the above equation, gives k' = 0*00732, so that I — 0*001506. It 
will be seen that once the diagram shown in fig. 2 is drawn it becomes easier 
to deduce the theoretical values of luminosity from 50 days onwards by 
reading off the curve than by calculation from . the formula. For the first 
50 days, however, the full equation 7 must be employed. In this way we 
may calculate the values of brightness throughout the life of the sample 
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(assuming p = 4), and thus obtain the full-line curve shown in fig. 1. The 
inset shows the values obtained for the first three months after mixing.* 
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Fig. 2. — Curve showing the agreement between the observed values of luminosity and 

the relationship log (B« — m) = kt. 

It will be seen that the agreement with the observed points is very close 
and considerably greater than that given by any logarithmic of the simpler 
form logB^ = —Id. The probable error of a single observation is in this case 
only 3*4 per cent. At the same time, as has been said before, the agreement 
between the results given by the two formulae over a limited range of 100 to 
150 days is w^ell within the error of experiment, so that it is necessary to 
make observations over extended periods in order to determine the true form 
of the curve and the values of ¥ and L The curves calculated for the 
above sample of compound are shown, together with the observed values, in 

* A sample mixed by a solution method (where the probability of residual emanation 
is much less) gave results in considerably closer agreement with the theoretical curve for 
the first 20 days. (See Paterson, Walsh, and Higgins, loc, cit.^ sample 8, fig. 8.) This 
sample was not chosen for examination in this paper since the observations on it have 
not extended over so long a period. 
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fig. 1, where the broken lines represent the logarithmics and the full line the 
curve obtained by the use of the recovery factor. 

It may be mentioned again that the term '* recovery " as used above is not 
intended to imply any knowledge of the mechanism of the action tending to 
retard the luminosity decay of a compound. It is simply employed as a 
convenient expression of a conception which, in conjunction with the '' active 
centre" theory of Eutherford, will serve to give a relation capable of 
expressing the observed experimental results, and hence of predicting, as in 
what follows, the behaviour of compounds as yet not subjected to experimental 
investigation. 

In the following Table are given the values of the constants m, h\ I and 
Bo' for each of the samples of compound on which observations have been 
made : — 

rn T-l TT 

jLaDie xJL. 









Constants. 




Sample. 


Radium 
content. 




















m X 10*. 


F X 10^ 


I X ^o^ 


Bo'xlO^. 




mgrm./grm. 






■ 




1 


0-32 


80 


550 


113 


47 


2 


0-17 


68 


315 


117 


25 


3 


0-35 


92 


730 


161 


54 


6 


0-35 


65 


475 


88 


42 


7 


0-35 


60 


480 


106 


33 


8 


0-36 


110 


795 


219 


51 


9 


0-34 


m 


980 


194 


47 


10 


0-52 


77 


1005 


170 


54 



The experiments on samples 4 and 5 have not extended over a sufficiently 
long period to allow of a satisfactory determination of the constants of these 
samples. 

The variations to be observed above in the values of the constants for the 
different samples are to be ascribed to the different grades of zinc sulphide 
used by the various makers, or by the same maker at different times. Only 
samples 1 and 2 were known to have been made from the same grade of 
sulphide. 

Two interesting applications of the theory described above are as follows : — 

(1) From the diagram given on p. 655 it is easy to deduce the total light 
emitted by the sample of compound in a given time, since a surface with 
a brightness of one equivalent foot-candle emits light at the rate of 
0*0011 candle per square inch ; the following Table gives the number of candle 
hours emitted by 1 square inch of luminous compound in powder form : — 
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Table III. 



Time from manufacture. 


Total number of candle 
hours emitted. 


-25 year 
0-5 „ 
0-75 „ 
1-0 „ 
1-5 „ 
Per year subsequently 


0-09 
-145 
0-18 
O-2O5 
0-255 
-095 



(2) Suppose the values of h' , I and Bo^ to be known for a compound of 
given radium-content, then for a compound of x times this content, but with 
the same quality of zinc sulphide, the corresponding values will be xh' , I and 
^Bo', for I will be unaffected by the radium-content, being a property of the 
'' active centres " alone. Hence for the first compound m = lBo'/{k' -j-l), while 
for the second, m' = xIB'q/{xJ/ + 1). 

'Now, from Table II on p. 559, it will be seen that samples 1 and 2 contain 
amounts of radium in the proportion of 32 : 17. These samples were made 
up at the same time with the same quality of zinc sulphide. It will be 
noticed that I is practically the same for both samples, while ¥ and Bo' are,, 
to a very close approximation, in the ratio of the radium-contents. Assuming 
the values given in the Table for the constants of sample 1, the value of m 
calculated for sample 2 by the formula given above is 69 instead of 68 as 
observed. . In this connection it should be noticed that for samples 4 and 6* 
made up at the same time with radium contents in the ratio of 2:1, the 
observations during the early part of the life showed that the initial bright- 
ness was accurately in the same ratio as the radium-contents. 

The question of the relation between the characteristic constants and the 
radium-content of a sample of compound is one of the greatest importance. 
On the simple theory of exponential decay it is clear that if the rate of decay 
be assumed proportional to the radium-content (as it is approximately during 
the early part of the life) a sample of high radium-content will decay at a 
more rapid rate than one of lower content. Hence the luminosity curves 
will cross and ultimately the weaker compound will have the greater 
luminosity. This conclusion, however, is not borne out by experiment, and 
any conclusion based on it with regard to the most suitable radium- content 
for long-period use would be fallacious, for experiment has shown that the 
ultimate luminosities of compounds containing 0*32 and 0*17 mgrm./grm. are 
practically equal. From an examination of equation 8 on p. 557 it will be 

^ Paterson, Walsh, and Higgins, loo. cii.^ p. 237, fig. 11. 
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seen that a compound tends to an ultimate luminosity value given by 
(^' + OBoo-ZBo' = 0. 

Xow, as is shown above, if k' and Bo' be proportional to the radium-content 
for a given zinc sulphide, we may investigate the relation between Bod and 
the radium-content for any zinc sulphide of known characteristic constants. 
Assuming h' = 5Z, and Bo' = 0*055 equivalent foot-candle for a compound of 
content 0*4 mgrm./grm., it is easy to deduce the curve shown in fig. 3, for the 
relation between the ultimate values of the luminosities and the radium- 
contents of the samples. From the curve it will be seen that, from the point 
of view of ultimate luminosity, there is no advantage commensurate with the 
cost, in using a compound with a greater radium-content than 0*2, or at most 
0*3 mgrm./grm. 
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Fja 3.— Curve showing relationship between radium content and the ultimate value of 

luminosity. 
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Appendix. 
Mesothorium Compound, 

The question of the use of mesothorium preparations in place of radium for 
luminous compound is of considerable interest and importance from a 
commercial point of view. The theoretical treatment of the matter is, 
however, complicated by the fact that (1) mesothorium preparations are sold 
on a basis of Y-ray activity, and the ratio of this to the ct-ray activity varies 
throughout the life; (2) there is always considerable contamination with 
radium ; and (3) the mesothorium itself is not a-active, but its product radio - 
thorium is, so that to predict the behaviour of any compound containing 
mesothorium it is necessary to know the age of the preparation, i.e., the 
quantity of radiothorium present. 

From the values of the constants of mesothorium and its transformation 
products, it will be seen that for the present purpose these may, to a near 
approximation, be grouped under two heads as follows : — 

Table IV. 



Product. 



Half transformation 
period. 



Transformation 
constant, X. 



Number of ions produced 
by each, a-particle. 



Mesothorium 

E-adiothorium and all 
future products 



5 '5 yrs. 
2-0 



-126 (yr.)-i 
0-347(yr.)~i 



10 -5 X 10"^ 



The a-radiation of radiothorium and its products is, therefore, atom for 
atom, almost exactly seven times that from radium, or 1*4 times that from 
radium in equilibrium with its products. 

The actual a-ray activity of a mesothorium preparation at any given period 
after the time at which it was free from radiothorium is found as follows : — * 

If Po be the number of atoms of mesothorium. initially present, P the 
number present after time t, and Q the number of atoms of radiothorium 
present after time t, then 



P 



Q = l\a{e-^^^-e-^^^) 



where 
and 



Xi 



0-126 (yr.)-i. 



a 



X2 == 0-347 (yr.)-^ 
= 0-5701. 



The following Table gives the proportions of mesothorium and radiothorium 
present during the first 10 years : — 

■5^ Rutherford, loc. cit., p. 421. 
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Table V. 



Now considering a sample of mesothorium T years old : 

Q = Poa[6-^i(*+T)_g-A,(«+T)-] 

and equation 7, p. 557, becomes 

(XiJ/ 



Bo cc %a [^""^i^--6~^2T]. 



t (years). 


P/Po. 


Qypo. 


t (years). 


P/Po- 


Q/Po- 





1-000 


0-000 


1 3-6 


0-635 


! 

-199 


0-2 


0-975 





024 


3-8 


0-620 


0-201 


0-4 


0-951 





046 


4-0 


0-604 


0-202 


0-6 


0-927 





•0655 


4-2 


0-589 


0-203 


0-8 
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also, 

and 

Hence we have 

fd-Rtldt + B, {h-af + If -/'] = ZBo/V/o 
where ' /= 6-x,(«+T)_g-A,(t+T)^ 

/o = 6~^i^ — e~^2^. 
The solution of this equation is 

where /i = -e-'^i(*+T)/Xi + e-'^^C+^'/^^a- 

(KB. lfdt=f,, dfldt=f, [/]« = o=/o). 

The expression under the sign of integration becomes integrable on 
expansion, so that 



"^1 e^k'a-\-l)j\ _ '^^O 



/ 



/o 



t + {k'a + 1) Udt + (Z^tO! |/i2 at+... 



+^-^^j(/ir^^+-" 
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The expression on the right, however, is not rapidly converging for the first 
few terms, so that it is easier to deduce the luminosity curve of a sample of 
mesothorium paint by successive steps, using the differential equation given 
above. 

This has been done for a number of cases of practical interest and the 
resulting curves are shown in the diagrams of fig. 4 as follows : — 
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Diagram i 

Mesothorium 
6 Months old 



Diaci ram 2 

Mesothorium 
i Year old 



Diag ram 3 

Mesothorium 
2 Years old 
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Time m Years 

Fig. 4. --Theoretical luminosity curves of various samples of mesothorium compound 

(see Table VI, p. 565). 



Throughout the above calculations, the constants assumed for the zinc 
sulphide are those found in a typical sample of radium luminous compound. 
The actual value assigned for h and I is 0-0016 (day) "^ = 0-584 (year) ~\ The 
value of Qca) in equation 9 given above is found from the relation 

It will be noticed that the life curves have been calculated on the basis of 
the initial luminosity only. The actual amount of mesothorium (expressed as 
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equivalent 7-ray activity of radium bromide) is only obtainable from 
unpublished data relating the -a- and 7-ray activities of radium and 
mesothorium. 

Table VI. 



Age of mesothorium at 

time of mixing with 

zinc sulphide. 



'5 year 

1 '0 year 

2 '0 years 



Initial luminosity of 

compound at time 

of mixing. 



ft.-candles.) 
0-0110 
-0220 
'Olio 
-0220 
-0110 
-0220 



Life curve 
on fig. 4. 



1 (lower) 

1 (upper) 

2 (lower) 

2 (upper) 

3 (lower) 
3 (upper) 



In conclusion, the author would like to express his warmest thanks to 
Mr. 0. C. Paterson for his kind interest and encouragement throughout the 
work. 



On the Reflection of Light from a Regularly Stratified Medium. 

By Lord Eayleigh, O.M., F.E.S. 

(Eeceived June 11, 1917.) 

The remarkable coloured reflection from certain crystals of chlorate of 
potash described by Stokes,* the colours of old decomposed glass, and 
probably those of some beetles and butterflies, lend interest to the calcula- 
tion of reflection from a regular stratification, in which the alternate strata, 
each uniform and of constant thickness, differ in refractivity. The higher 
the number of strata, supposed perfectly regular, the nearer is the approach 
to homogeneity in the light of the favoured wave-lengths. In a crystal of 
chlorate described by E. W. Wood, the purity observed would require some 
700 alternations combined with a very high degree of regularity. A general 
idea of what is to be expected may be arrived at by considering the case 
where a single reflection is very feeble, but when the component reflections 
are more vigorous, or when the number of alternations is very great, a more 

^ ' Eoy. Soc. Proc.,' February, 1885. See also Eayleigh, « Phil. Mag.,' vol. 24, p. 145 
(1887), vol. 26, pp. 241, 256 (1888) ; ' Scientific Papers,' vol. 3, pp. 1, 190, 204, 264. 
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